T he clinical management of metastatic diseases of the spine is often debatable due to a lack of consen sus regarding appropriate therapies. Throughout the growing body of neurosurgical literature addressing the subject, particular studies have significantly contributed to knowledge of the field. Due to the wealth of research ar ticles relating to metastatic spine disease, critically impor tant work often gets overlooked. Methods that help quan tify the impact of scientific articles have been previously described. 30, 80 One such tool, citation analysis, is based on the principle that the greater an article's influence, the more frequently it would be cited. In this report, we use citation analysis to identify the 100 most cited scientific articles that pertain to metastatic disease of the spine.
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Methods
All databases and journals included in Thomson Reu ters Web of Science were used to identify eligible studies.
The literature query was conducted using the following search command: (spine or spinal or vertebral or column or canal) and (primary or metastatic or metastasis or neo plas* or tumor*).
The search was performed using the "basic search" feature under the "title" category and included all articles published before 2016. The initial search yielded 19,831 results. The search results were then sorted on the basis of decreasing citation count.
Upon review of the title and abstract of the articles from the search output, and elimination of the impertinent arti cles, we identified the top 150 most cited articles on meta static spine disease. We extended our search to beyond the top 100 articles in order to allow for replacing articles that might be excluded due to excessive selfcitation. Only 2 papers 66, 75 were excluded on the basis of having a large per centage of selfcitations (> 40% of the total number of cita tions being in other works by authors of those papers). The remaining articles were ranked based on citation count, and the top 100 most cited articles were included in the final list.
results
A total of 19,831 articles matched our search criteria. Based on title and abstract review, the 100 most cited arti cles relevant to metastatic spine disease were selected. The top 100 articles, including their authors and year of pub lication, article topic, article summary, article type, level of evidence, number of citations, citations in the past year (2015), and citation rate (average citations per year) are shown in Table 1 . The total number of citations for the fi nal 100 articles ranged from 74 to 1169, with an average of 148.4 citations per article. The oldest article was published in 1940 by Batson 9 and described the role of vertebral veins in metastatic spread to the spine. The most recent article was the 2009 study by Rose et al., 71 evaluating the risk of fracture after imageguided intensitymodulated radiation therapy. The most productive publication years were 1990 and 2005, with 7 articles having been published in each year (Fig. 1 ). Articles were published in 40 different jour nals (Fig. 2) . The most studies were published in the jour nal Spine (15), followed by Cancer (11) , and the Journal of Neurosurgery (9) . Eighty-three first authors contributed to articles on the final list. Eleven authors were credited with having multiple articles on the list. Two of these 11 individuals, Tomita [90] [91] [92] [93] and Harrington, [41] [42] [43] [44] were listed as authors in 4 articles on the final list.
The most frequently cited article was also the earli est publication in the list, the abovementioned article by Batson, published in 1940 in the Annals of Surgery 9 and describing the architecture of the vertebral veins and their role in the metastatic spread of tumors. This article has been consistently cited since its publication, receiving the most citations (27) in 1997 (Fig. 3) . The second most cited article was the 2005 article by Patchell et al., 65 which as sessed the efficacy of decompressive surgery for spinal cord compression due to metastatic cancer. Citations of this article peaked in 2012, with 92 citations in that year alone (Fig. 4) . The 1978 study by Gilbert et al., 36 published in Annals of Neurology, is the third most cited article. This study discusses diagnostic criteria and treatment options for patients with epidural spinal cord compression due to metastatic tumor. This article was most cited in 1985, with 28 citations during that year (Fig. 5) .
We defined citation rate as the number of citations per year. The ranking of citation rates for each article on the final list is shown in Table 2 . The 2005 study by Patchell et al. had the highest overall citation rate, with an average of 54.0 citations per year. 65 This was followed by the 2007 article by Gerszten et al. 33 (28.6 citations per year) on ra diosurgery for spinal metastases and the 2001 article by Tomita et al. 91 (22.7 citations per year), which discussed a novel prognostic scoring system for surgical management of spinal metastases.
We also measured the number of citations an article received during the past year (2015). The article cited most frequently was written by Patchell et al. and published in 2005 and was cited 98 times during 2015. 65 We also per formed a linear regression to determine the relationship between an article's total number of citations and the num ber of times it was cited in the previous year. Our results determined that the total number of citations of an article correlates with the number of times it was cited in the pre ceding year (Fig. 6 ).
Discussion
Neurosurgical literature is replete with novel studies that, while helpful in advancing the field, pose burdens for physicians in their pursuit to identify studies that have sig nificantly impacted neurosurgical practice. Our aim was to identify the 100 most cited articles on metastatic spine dis ease. These frequently cited articles provide insight into the founding and development of the field, as well as current trends. In this study we performed citation analysis, where in we measure the impact of articles, authors, and journals based on the number of times a work has been cited.
The most cited article in metastatic spine disease was Batson's 1940 article in the Annals of Surgery. 9 In this landmark study, the author provides an anatomical expla nation for the dissemination of spinal tumors from abdom inopelvic primary tumors. In this paper, Batson described the anatomical distribution of the vertebral venous system in detail and, based on data from vessel injection experi ments whereby dissemination was tracked, proposed an explanation for the metastatic spread of tumors from the abdomen or pelvis to the spine. This study has been consis tently cited since publication in 1940, with a total of 1169 citations, and it received the greatest number of citations in 1998. Batson's work is considered a "classic," and some suggest that older papers are more likely to be cited.
54
The second most cited article was the 2005 paper by Patchell et al., which sought to determine the role of sur gery in the treatment of metastatic epidural spinal cord compression (MESCC). 65 In their prospective random ized trial, the authors demonstrated that decompressive surgery followed by postoperative radiotherapy resulted in improved patient outcomes (i.e., retention of the ability to walk) compared with radiotherapy alone. The results indi cate that surgery followed by radiotherapy may well be the The third most cited article was written by Gilbert et al. and published in 1978. 36 In this report, the authors compared the efficacy of radiotherapy alone versus lami nectomy followed by radiotherapy for spinal cord com pression due to extradural tumors. They concluded that radiotherapy alone was as effective as laminectomy plus radiotherapy in treating epidural spinal cord compres sion caused by metastatic cancer. Based on these results, surgical treatment (i.e., laminectomy) for MESCC was ). Articles relating to the topic of metastatic spine disease have become increasingly frequent, with most articles having been published in 1990 and 2005. The reason underlying these publication trends is not fully un derstood. An argument could be made that historical de velopments in the neurosurgical field, such as novel tech nologies or techniques, could be responsible for certain publication trends. For example, our data show a dramatic rise in the number of top 100 articles published during the 1980s. During this time, the first MRI of the spine was performed, and publication trends may reflect the emer gence of this technology.
If an article were indeed influential, as measured by number of citations, we reasoned that it would continue to have an impact on current practice. One would expect that influential articles would continue to be cited as new ar ticles in the field emerge. To address this we analyzed the relationship of the number of citations within the preced ing year (2015) as a function of total number of citations of an article. As predicted, we found a positive correlation between these 2 factors, suggesting that impactful studies are more likely to be referenced by recently published ar ticles and continue to influence current work.
The largest number of articles pertaining to metastatic spine disease were published in the journal Spine. It is im portant to note that a journal's contribution to a particular field may be the result of the number of years it has been in circulation and/or the frequency with which it is pub lished. Spine is a biweekly peerreviewed journal and thus its appearance on the top 100 list may reflect the frequency of publication. Furthermore, journals or articles that cover multiple disciplines, will at times attract a larger reader base, which can increase the exposure of an article. Other authors have studied the effect of degree of disciplinarity on citation impact and have found this relationship to be complex. 107 Although citation analysis is a powerful tool for mea suring an article's impact, citation count alone does not completely reveal an article's influence on the field. Selfcitation is arguably the most confounding factor influenc ing citation analysis. 51, 59 For different reasons, authors may cite their own papers, which increases citation numbers and the eventual impact of their article. This can skew citation analysis, as it becomes difficult to distinguish be tween articles that are frequently referenced due to their impact on the field and those that are frequently self-cited. Within our final list, nearly all articles were cited by 1 or more of their authors in subsequent publications at least once. For most articles, selfcitations comprised a small fraction of the total citations. In some cases, a consider able percentage of the total citations were made by the articles' authors. More detailed analysis is warranted to determine the prevalence of self-citation and its influ ence on an article's impact. Another limitation of citation analysis is the concept of "obliteration by incorporation," which is based on the idea that information from "clas sic" papers is cited less frequently as it is absorbed into the body of existing knowledge. 63 Other limitations that have been described elsewhere include "incomplete cita tions," whereby certain citations are made as a means to persuade the reader rather than recognize work that has contributed to the field. 54 It is important that future stud ies address how these factors influence citation trends and that a novel method-one that accounts for these fac tors-is developed to improve our system for classifying the impact of an article.
Conclusions
Although citation analysis does not address the quality of a scientific report, it serves as a reliable tool for deter mining the impact that an article, author, and journal has had on the scientific community. In this study we have at tempted to develop a resource with detailed information on the 100 most cited articles on metastatic spine disease. We provide insights into the historical development and recent advances within the field. 
